Radio frequency identification (RFID) is an important and essential components of ubiquitous computing, with the development of wireless communication technologies and mobile computing environment. Recently, RFID becomes the mainstream application that helps fast handling and uniquely identifying the physical objects. It utilizes the electromagnetic energy for data transmission from a tag to a reader in the presence of arbitrary interference and noise. In order to employ the portable mobile RFID reader, a tag-collision problem between two or more adjacent tags should be considered. In this paper, we present the operation of RFID system in which numerous tags are present in the interrogation zone of a single reader at the same time. Since there may exist a number of tagged objects in the narrow area, multiple RFID tags may interfere each other, caused to degrade the data reliability and efficiency of the RFID system. In order to suppress interference signals from multiple neighboring tags, we present an application of Gold code for RFID communication system, which uses spread spectrum technique. In this RFID system, data bits are spreaded in each tags with the unique Gold code and the spreaded data bits are despreaded in the reader with the same Gold code. The performance analysis of the considered RFID anti-collision system is illustrated via computer simulation examples.
Ⅰ. Introduction
RFID technology is becoming a primary player in automated data collection, identification and analysis of system with the development in digital electronics, signal processing and wireless communication. It is a low-cost, low-power, and auto ID wireless sensor system which allows for noncontact and non-line of sight reading of data by the means of electromagnetic signals. RFID has established itself in a wide range of applications which include asset management, supply chain, medicine, stock, construction, and material management etc [1] . It consists of reader (interrogator), tag (transponder), and middle-ware software which helps in data processing from a tag to a reader in order to make operation accurate, user-friendly and to reduce human intervention using radio frequency (RF) signals [2] - [4] .
The RFID tag suffers from interference signals by its neighbouring tags which ultimately results in the tag-to-tag collision problem as shown in Figure 1 . This problem prevents detecting informations for all tags in its interrogation zone [5] . In order to design an efficient anti-collision protocol for interference cancellation, we present the implementation of the Gold code technique [6] , which is capable of accommodating multiple RFID tags [7] . For the efficient communication between multiple low-cost passive RFID tags and single reader, employing Gold code in the RFID system might be a good solution, because it supplies a number of codes with good balance between auto and cross correlation with high flexibility in code length and is relatively simple to implement, only requiring shift register to generate all codes [8] .
In this paper, we compare the BER performance of the RFID system based on Gold code with the conventional system without an anti-collision technique and the RFID system based on the time division (TD) technique which uses the specific time slots and the fixed number of data bits for the preamble and main data [9] . The rest of the paper is organized as follows:
Section II contains the received signal model. In
Section III, we discuss about the anti-collision technique based on Gold code for RFID. In Section IV, we present our simulation results and lastly our conclusions are presented in Section V. 
Ⅱ. Received Signal Mode
For the received signal, we consider  Tags which individually transmit spread spectrum signals at the same time. In order to spread a signal spectrum in the transmitter, the data bit for the th tag,   , is directly multiplied by the element of the cyclostationary Gold code with length  for the th tag,   , written as
The received signal vector  at sample index  can be modeled as 
where  is the additive white Gaussian noise (AWGN) with independent and identically distributed components, each with zero mean and variance   . In (2),    remains constant over the length of one cycle of the Gold code. The gold code for the th tag   is defined as
where  is the length of Gold code. Using Friis free space equation, the distance relation is calculated where the transmitted power from the reader   and the power received by the antenna of the tag   is given by
where the transmitter and receiver antenna gain are represented by   and   respectively,  is the wavelength in meters, and  is the distance between transmitter and receiver antenna [10] .
Ⅲ. RFID Anti-Collision Based on Gold Code
In this section, we present Gold code technology for interference cancellation in RFID for receiving information from multiple tags to a single reader.
For this system, we allocate the fixed number of unique Gold code to each tag. The transmitted signal is spreaded in each tag and the received signal is despreaded in the reader with each unique Gold code to detect the desired data shown in 
The despreader output includes the signal of the interested tag, additive Gaussian noise (AGN), and residual interference signals with the low-power, because the power of the signal for the desired th tag is increased and the interference signals from other tags are suppressed, after despreading. Employing this method, we minimize the interference signals from other tags while communicating from multiple tags and a reader.
Ⅳ. Computer Simulation
In this section, we analyze the considered RFID system through computer simulation to illustrate the performance of the interference suppression. For the simulation, we assume that the received signal consists of four RFID tag signals and AWGN with zero mean and variance   , the frequency of RFID signal is 900MHz, all RFID tag is passive, the transmitted power of the tag is fixed for distance of 2m with minimum loss in bits, and the length of Gold code, , is 15. For the simulation, we consider two cases as follows:
Case 1: Four RFID tags transmit each signal, which are located at the reader interrogation zone at the same distance of 2m.
Case 2: Four RFID tags transmit each signal, which are located at the reader interrogation zone with different distances of 1.5m, 2m, 2.5m, and 3m. curves for the first case with the same distance and the BER curves for the second case with the different distance, respectively. From Figure 3 , we observe that BER of the Gold code system is much lower than them of the time division (TD) and conventional RFID system. In Figure 4 , BERs of the Gold code RFID system are lower than them of the TD system and BERs are lower when the distance between tags and a reader is shorter for both systems.
The simulated frame error rate (FER) curves for the fi rst case of the Gol d code, TD, and conventional RFID systems are shown in Figure 5 .
For this simulation, we assume that the length of the data frame is 64 bits. From the figure, we observe that the Gold code system is more efficient for receiving the transmitted data from the RFID tag comparing with TD and conventional systems.
Note that the conventional RFID system without considering anti-collision technique does not work for RFID data transmission, when there exist Figure 6 shows FER performance for the second case with different distances. In this case, we also observe that the Gold code system has better performance comparing with other systems and that the RFID system has better performance for the shorter distance between a tag and a reader for all cases. Note that the considered Gold code RFID system has better performance of the interference suppression comparing with TD system and the conventional RFID system without anti-collision function. 
